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PURPOSE: To obtain high coupling of forces while 
reducing the size by an arrangement wherein a stator 
performs an oscillatory motion having a speed 
component substantially perpendicular to the 
displacement plane of a rotor and cooperates with 
means for transmitting that speed component to the 
rotary motion of the rotor. 

CONSTITUTION: The motion transmitting means 36 of a 
piezoelectric motor 1 is made of an elastically 
deformable member having a flexible tongue 38 
projecting from a disc 34 toward the front face F2 of a 
stator 8 while inclining against a vertical axis extending 
in parallel with a rotary shaft X1. When a piezoelectric 
means 10 is excited with a power supply AL, an 
oscillation is transmitted to a disc 12 through direct 
planar contact and the stator 8 oscillates symmetrically 
to the axis as a whole. A large linear displacement at 
each point of the stator 8 caused by a flexure thus 
generated is converted through the elastically 
deformable member 36 formed of the flexible tongue 38, into a displacement of the rotor 30 on 
a displacement plane Pdm and an associated rotation. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The stator (8) united with the base material (2) and the base material (2), and a piezo- 
electric means by which it is excited electrically and vibrational motion can be given to a stator 
(8) (10), A base material (Rota (30 which it is attached in 2) pivotable and can be displaced 
around axis of rotation (X1) at the flat surface (Pdm) which is a displacement flat surface). The 
means of communication which the vibrational motion of a stator (8) is transmitted [ means of 
communication ] to Rota (30), and rotates Rota (30) to the circumference of said axis (X1) (36), 
It has a means (40) to support Rota (30) on a stator (8). Said stator (8) The piezoelectric motor 
characterized by making it collaborate with a means to perform vibrational motion which has the 
velocity compornent (V) of the direction which intersects perpendicularly with the displacement 
flat surface (Pdm) of Rota (30) mostly, and to transmit said velocity compornent of the 
vibrational motion of a stator (8) to rotation of Rota (30). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a piezoelectric motor. 
[0002] 

[Description of the Prior Art] In what is well-known as for the piezoelectric motor of a 
progressive wave format, for example, is indicated by EP 0 325 062, a support shaft extends 
perpendicularly from the base which forms the support means, and the stator is attached in the 
base. The stator is attached caudad and the piezoelectric transducer has the ceramic which is 
excited electrically and gives the vibrational motion of a progressive wave format to a stator. 
This piezoelectric motor has further Rota currently maintained by the shaft-orientations contact 
condition to the stator with the fixed means. The means of communication of the vibrational 
motion given by the stator is arranged on Rota, and this means of communication is formed by 
the projection of a part round shape. The motor of the same structure is indicated by EP 0 395 
298. Although this motor is structure similar to the above-mentioned motor, it operates by 
another oscillation mode called a stationary wave. A means to transmit movement which has the 
projection formed as a thick part is directly established on the stator also at this. These motors 
have the advantage that a big couple can be generated at the time of low-speed rotation. 
[0003] However, for applications, such as robotics, biomedical engineering, and aeronautics, 
efforts to miniaturize these motors as much as possible are performed, and those whole 
dimension will be inevitably made small sharply by it. Furthermore, although it is necessary to 
form reduction gears in decreasing the output range essentially and in need from high-speed 
rotation very much, by this, the equipment containing a motor is complicated fairly and those 
costs also increase. US 4 453 103 have indicated the piezoelectric motor of a coaxial structure 
format. The stator indicated there is a tubing form member which surrounds Rota, and has the 
piezoelectric transducer given to the pusher member formed by the member which a deflection 
is possible and carries out elastic deformation of the vibrational motion. By forcing a pusher 
member on a stator periodically, rotation can be added to Rota. The main faults of the motor of 
this format are that structure is very complicated, and are **. Furthermore, since this motor 
does not have the accommodation means to the mechanical connection between Rota and a 
stator, accommodation in the edge of a production line is completely impossible for it. Thus, the 
structure of a motor is complicated, and since the accommodation means is not established, it 
needs processing by very exact tolerance, therefore a price becomes high. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention can solve the 
above-mentioned fault, and can miniaturize it, a large motor couple can be sent, and structure is 
easy and is offering the piezoelectric motor which can be manufactured by low cost. 
[0005] 

[Means for Solving the Problem] Therefore, the stator which was united with the base material 
and the base material according to this invention, A piezo-electric means by which it is excited 
electrically and vibrational motion can be given to a stator, Rota which it is attached in a base 
material pivotable and can be displaced around axis of rotation at the flat surface which is a 
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displacement flat surface, The vibrational motion of a stator is transmitted to Rota and it has the 
means of communication which rotates Rota around said axis, and a means to support Rota on a 
stator. Said stator It is the piezoelectric motor it was made to collaborate with a means to 
perform vibrational motion which has the velocity compornent of the direction which intersects 
perpendicularly with the displacement flat surface of Rota mostly, and to transmit said velocity 
compornent of the vibrational motion of a stator to rotation of Rota. As for especially a stator, it 
is desirable to make it the business which performs axial symmetry vibrational motion by the 
deflection, generates a perpendicular direction velocity compornent by it, and has the core of 
this axial symmetry vibrational motion on axis of rotation of Rota. 
[0006] 

[Example] Other descriptions and advantages of this invention will become clear from detailed 
explanation of the following which referred to the attached drawing. Drawing 1 shows the 
example of the piezoelectric motor 1 by this invention. The base material 2 is formed in the 
motor 1, it is formed of the flange 4 used as the base, a pin with a level difference or a stud 6 is 
embedded into it, and the base material 2 of this example is being fixed by especially press fit or 
adhesion. The pin 6 with a level difference has extended so that it may intersect perpendicularly 
at it from the base (it is in the location shown in drawing 1 ) 4. An appearance calls the axis X1 
of the pin 6 with a level difference which is a cylindrical shape axis of rotation by the following 
explanation. The base 4 and the pins 6 with a level difference are metal, such as an alloy of 
brass or stainless steel. Thus, the fixed structure from which the attachment object of the base 
4 and a pin 6 turns into the base material 2 for the piezoelectric motor 1 by this invention is 
constituted. 

[0007] The stator 8 is attached in the pin 6 with a level difference fixed by press fit or adhesion, 
thus, the power source AL only roughly indicated to be two electrodes 10b and 10c which 
resemble as usual the piezo-electric means 10 which consists of piezoelectric-device 10a, such 
as a ceramic polarized by homogeneity, and are connected in the whole thickness direction by 
the pin 6 with a level difference at the stator 8 made to unite with a base material 2 is attached. 
Thus, the piezo-electric means 10 forms the converter, answers that electric power is supplied 
from a power source AL through Electrodes 10b and 10c, and performs vibrational motion. Since 
the piezoelectric phenomena in the motor of this format, the structure of such a piezoelectric 
transducer, and arrangement are well-known to this contractor, detailed explanation is omitted 
here. 

[0008] The stator of this motor is formed in the center by the disk 12 which formed the orifice 
opening 14, in this example, pressed the opening fit in the cylindrical shape periphery part of the 
pin 6 with a level difference, or has pasted it up on it directly. The disk 12 which forms the frame 
structure of a stator 8 is put on the shaft-orientations supporter on the shoulder 16 of the pin 6 
with a level difference. The base 4 is faced, the central part of the front face F1 of the disk 12 
called a rear face by the following explanation has become depressed, the base 4 is faced, and a 
centrum or ** 18 is formed as shown especially in drawing 1 . Of this centrum 18, the annular 
color 20 is formed on the rear face of the disk which forms the stator, and the piezo-electric 
means 10 has fixed on it. The piezo-electric means 10 is also the annular disk form as the width 
of face lb of the annular ring 20 ( drawing 1 ) where width of face la ( drawing 2 ) is the same. It 
is the structure which the front face was flat and followed as the electrodes 10b and 10c of the 
piezo-electric means 10 were also very thin annular disk forms and were shown in drawing 2 . 
That is, note that it is very convenient that it is not what was constituted from a segment which 
did not fracture like but was conventionally polarized in the case of structure. For this reason, 
the same electrodes 10b and 10c are very simple for a design and manufacture. The disks 12 
which form the stator 8 are metal, such as brass, a stainless steel alloy, or aluminum, and it is 
desirable to cover with the thin film of a hard material especially chromium, or titanium nitride if 
needed. As for Electrodes 10b and 10c, it is desirable to make it nickel or silver. 
[0009] Rota 30 attached in the surroundings of axis of rotation X1 pivotable to the base material 
2 is further established in the piezoelectric motor 1. That is, while Rota 30 is supported by shaft 
orientations in contact with the front face F2 of the opposite side of the front face F1 of a disk 
12, the central orifice 32 of that has fitted loosely into a part of periphery section of the pin 6 
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with a level difference. Rota 30 of this example has the thin disk 34 which consists of a metal, a 
ceramic, or a rigid plastic. This disk 34 forms the load structured division of a coupling means 
(not shown) and **** which can carry out mesh association. 

[0010] The piezoelectric motor 1 has the means 36 for transmitting migration further, and this 
means 36 transmits the vibrational motion of a stator 8 to Rota 30, and it rotates Rota 30 to the 
circumference of that axis X1. for this reason, the middle when axis of rotation X1 and Rota 
cross at right angles — a variation rate — it needs to be cautious of the ability to rotate now on 
a flat surface Pdm. A means of communication 36 is formed by the member which consists of 
tongs 38 in which a deflection is possible and in which elastic deformation is possible. The tongs 
38 in which the deflection of this example is possible are embedded on the disk 34 which forms 
the load structured division of Rota 30 as shown intelligibly for drawing 3 and 4. Thus, the 
member deformable on the elastic target which consists of tongs 38 in which a deflection is 
possible is being fixed to Rota. 

[0011] The description of the tongs in which these deflections are possible is explained below at 
a detail. Moreover, note that Rota 30 is energized by shaft orientations with the fixed means 40 
to the stator 8 side to be shown in drawing 1 . A fixed means 40 to fix Rota 30 to shaft 
orientations on a stator 8 consists of a spring which carried out the form of cap 42 where it was 
attached in the pin 6 with a level difference, and the shaft-orientations pressure was applied by 
the roller bearing 44, and is held on the pin 6 according to the **** 46 by which roller bearing 44 
the very thing was also attached in the pin 6 with a level difference, and was attached in the free 
edge of the pin 6. With this fixed means, the fixed pressure force of Rota 30 over a stator 8 can 
be adjusted by bolting **** 46 or loosening. 

[0012] Next, the structure of the member in which the elastic deformation of a means of 
communication 36 on it is especially possible about Rota 30 of this invention is further explained 
to a detail, referring to drawing 3 and 4. The elastic member is formed with the tongs 38 which 
were fixed to the periphery of a disk 34 and in which a deflection is possible so that a drawing 
may show. Although four of these tongs are only illustrated, it will be understood that at least 
three tongs must be arranged on Rota 30. Much tongs can also be used farther than it and the 
number is restricted according to the maximum confusion condition. The deformable tongs 38 
are inserted in the inclination slot 39 established in the surroundings of the periphery section of 
a disk 34, and fixed maintenance is carried out by adhesion. 

[0013] The tongs 38 in which a deflection is possible have attached and projected the include 
angle of the tilt angle beta from the disk 34 from Rota 30 to the perpendicular axis parallel to 
axis of rotation X1 in the direction of the front face F2 of a stator 8 especially in this way. As for 
this include angle beta, it is desirable that it is 10 degrees - 30 degrees. Moreover, the tongs 38 
which carried out the form of a plate-like parallelepiped and in which each deflection is possible 
have projected only the free die length Lcs preferably chosen from Rota 30 as the value of 0.3- 
0.7mm (0.3 - 0.7x10-3 m). As for each tongs, it is desirable that thickness ec is [ 0.06-0.1 5mm 
(0.06 to 0.15x10 to 3 m) and width of face Ic ] 0.2-1 mm (0.2 to 1x10 to 3 m). The deformable 
tongs 38 arranged between Rota 30 and a stator 8 should be directly laid on it in contact with 
the flat front face of a stator 8, and notice them about a front face F2 being smooth and having 
neither a projection nor a lobe. The tongs 38 in which a deflection is possible are formed for 
materials, such as an alloy of beryllium copper or stainless steel. 

[0014] Drawing 5 and 6 show the 2nd example of the member in which the elastic deflection of 
this invention is possible. The member in which the elastic deformation of the means of 
communication 36 of this example is possible turns up the disk 52 of the same material, and is 
prepared (only some things are numbered). Notice this disk 52 about being attached in the disk 
34 bottom which forms Rota 30. In this example, the tongs 50 in which a deflection is possible 
are formed in the perimeter of the periphery section of a disk 52 by deformation processing 
between the colds, especially punching processing. For this reason, especially in this example, it 
turns out that the tongs 50 which constitute the means of communication of the vibrational 
motion added to Rota and in which a deflection is possible are obtained from a stator by 
processing in which a high-speed activity is possible. 

[0015] Next, the example of the 1st modification of the vibrational motion of the stator by this 
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invention is explained, referring to drawing 7 -9. As a stator 8 bends to the other side, it deforms 
into it from the one side of the position of rest shown on Criteria A, so that clearly from the 
partial diagrammatic view of the stator 8 shown in drawing 7 . Although the drawing exaggerates 
and shows the location of the vertical edges B and C of deformation, the amplitude in the 
periphery (arrow head) of a stator does not exceed 5 micrometers (5x10 to 6 m) in fact. A stator 
8 becomes a cup form according to this deformation. This cup form deformation is based on the 
bending force generated in the stator 8 from the vibrational motion guided by the piezo-electric 
means 10. This vibrational motion is an axial symmetry format, and adds deformation of the same 
format as a stator. This is clear also from the curves C1 and C2 of drawing 8 it turns out to be 
that the amplitude variation Amp of the stator 8 made into the function of a radius Rb increases 
from the core of a stator 8 toward a periphery. 

[0016] Note that curves C1 and C2 do not show point of inflection, or the amplitude does not 
pass along the location of zero. In this oscillation mode, a nodal circle appears on a stator 8. All 
of this description are clear from the curves C3-Cn of drawing 9 which shows amplitude value 
other than zero. These curves C3-Cn show the variation of the amplitude of the stator made 
into the function of the angular position of a stator, and such variation is the forward amplitude 
variation corresponding to the curve C1 of drawing 8 . Furthermore, probably, it turns out that 
this oscillation mode does not produce a knot diameter, since all curves are straight lines-like 
and are mutually parallel. Therefore, according to the international standard Bnm (n is the 
number of nodal circles and m is the number of knot diameters), this vibration is a Boo format. 
Moreover, it turns out that the core of this vibrational motion and this unsymrnetrical 
deformation is on axis of rotation X1. Thereby, a plane hierarchy form motor, i.e., the motor by 
which the stator of a monotonous form and Rota overlap mostly, is obtained. Since the core of 
unsymrnetrical movement is on axis of rotation and the sense is decided on it, this motor is the 
thing of the format which carries out shaft-orientations vibrational motion mostly to axis of 
rotation X1 . 

[0017] the direction where each point ( drawing 4 ), Pt1-Pt3, of a stator 8 is parallel to axis of 
rotation X1 at the same amplitude about each circle drawn on Rota with a certain radius (for 
example, Rb1-Rbn) and phase for the mode of the vibration with the very small amplitude, and 
axial symmetry deformation — some show a straight-line-like variation rate along with an axis 
X1 mostly. [ for example, ] In each point in each point on a stator especially a stator, and the 
surface of action in Rota, the axial symmetry oscillation mode of the piezoelectric motor by this 
invention gives the velocity compornent V almost perpendicular to the displacement flat surface 
Pdm of Rota 30 (only V1-V3 are shown in drawing 4 ). The stator does not have the large 
velocity compornent on the displacement flat surface Pdm, if very few properties of the 
amplitude of vibration are taken into consideration. For this reason, the large acceleration of 
radial, centrifugal, or a centripetalism form does not exist, either. It is necessary to notice a 
stator also about not producing the tangential acceleration which is the acceleration looked at by 
the stator of a form piezo-electricity motor conventionally has the oscillation mode of a 
progressive wave or a stationary wave, either. 

[0018] Drawing 10 shows deformation of the stator 8 when receiving the 2nd variation of the 
axial symmetry vibrational motion by this invention, and Criteria D show the location of the both 
ends of it deformation when, as for E and F, a stator is excited to the position of rest being 
shown. There is a nodal circle in movement in this case, and it is shown by the radius Rb3 
( drawing 1 1 and 12). It needs to be careful about especially the effectiveness of the curves C1 
and C2 of drawing 1 1 which passes through the location of the amplitude zero which show the 
oscillating knot of a stator. From the curves C3-Cn of drawing 12 , in the stator of a certain 
radius Rbx, all the circles on the stator give fixed amplitude value (the direction of an arrow 
head) over 360 degrees, and since it turns out that the curves C3-Cn of drawing 12 are straight 
lines-like, and it is mutually parallel, the oscillation mode and the axial symmetry nature of 
deformation of a stator 8 are explained. Curves C3-Cn express the amplitude variation of a 
stator with the function of the angular position, and such variation is the amplitude variation 
corresponding to the curve C2 of drawing 1 1 . This oscillation mode does not produce a knot 
diameter on a stator 8. Therefore, this oscillation mode is B10 format. 
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[0019] For example, although the alternating current of a frequency F is generated from a power 
source AL in order to make a stator and a piezo-electric means into the following dimensions 
and to acquire these axial symmetry oscillation modes of B( drawing 4 ) 00 and B10 format, the 
dimensions and frequencies to each mode are the following values. 
[0020] 

Mode BOO Mode B10 mm (ten to 3 m) mm (ten to 3 m) 

Hb 1 1 hb 0.5 0.5 Rb 5 5 rb 3 3 lb 2 2 Eb 0.4 0.4 ha0.5 0.5la 2 2 F 14kHz(103 Hertz)84kHz (103 
Hertz) 

[0021] Hb However, the overall height of a stator (a disk 12 and sum total height of the piezo- 
electric means 10), hb The height of a disk 12 (height of only the stator except the piezo- 
electric means 10), The crown radius (radius in the periphery of a disk 12) of a stator and rb Rb 
The small radius of a stator (radius in the location in which the centrum 18 is formed), The width 
of face of the annular color 20 and Eb lb The thickness of the stator 8 in the location of a 
centrum 18 (disk 12), ha is [ the width of face of the piezo-electric means 10 and F of the 
overall height (the thickness of an electrode can be disregarded) of a piezo-electric means and 
la ] the oscillation frequency of a stator, the radius of the pin 6 with a level difference is being 
fixed to the 0.5mm (0.5x10-3 m) part, and the radius of a stator of an orifice 14 is also this value. 
In this case, a disk 12 is a product made from a stainless steel alloy, and a piezoelectric device 
10 is the product made from a piezo-electric ceramic of a Pzt form (titanium copper which 
doped the zirconium). From two variation of the axial symmetry oscillation mode (BOO and B10) 
explained above, it will be understood that the oscillation mode of the motor by this invention is 
generalizable with the notation of BX0 (x is the integer of 0 - n). 

[0022] It will vibrate, if an operation is explained, and the piezo-electric means 10 is excited with 
a power source AL. This vibration is transmitted to a disk 12 by direct flat-surface contact. A 
stator 8 is axial symmetry vibrational motion, BOO or B10, as mentioned above as a whole, but if 
it becomes common, it will perform BX0. [ i.e., ] the large straight line of each point of the stator 
by the deflection by the deflection of a stator transformed therefore generated (based especially 
on the projection on axis of rotation X1) — the variation rate by the member in which the 
variation rate was formed with the tongs 38 or 50 in which a deflection is possible and in which 
elastic deformation is possible — it is changed into the rotation accompanying the variation rate 
of Rota 30 on a flat surface Pdm, and it. When pushed, it turns at tongs 36, and they guide a 
tangential-velocity component parallel to the displacement flat surface Pdm of Rota along with 
the periphery part in Rota 30. Thus, the member 36 which was formed with the tongs 38 and 50 
in which a deflection is possible and in which elastic deformation is possible forms a movement 
conversion means 36 of a stator by which it is convertible for perpendicular rotation of Rota 
while transmitting shaft-orientations straight-line (namely, perpendicular direction) movement to 
Rota mostly. 

[0023] It is understood from the above-mentioned explanation that it is what is depended on the 
heterogeneity 2 component structure of a **** assembly where the bending stress which occurs 
in a stator and makes a stator a cup form was constituted by the piezo-electric means by 
attaching said piezo-electric means in a stator. In order to make a stator deform into a cup form 
such, when the electrical and electric equipment flows through an electrode, the special ceramic 
transformed into radial is used. That is, a ceramic with the high piezoelectric constant d31 
showing the deformation produced from the added electric field is chosen. If an operation is 
explained, the radial component of vibration of said piezo-electric means will generate vibration 
of a bending format in the disk of a stator by the well-known heterogeneity 2 component 
principle to this contractor. A power source generates the AC signal of the frequency which was 
in agreement with the resonance frequency in the BX0 desired mode. If a stator is excited in this 
way, the whole stator will resonate in the BX0 mode which is equivalent to axial symmetry 
vibrational motion as mentioned above. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the longitudinal direction sectional view of the piezoelectric motor by this 
invention. 

[Drawing 2] It is the top view of the electrode of a stator seen in the direction of the arrow head 
II of drawing 1 . 

[Drawing 3] It is drawing seen in the direction of the arrow head III of drawing 1 , and the upper 
front face of Rota by the 1st example of this invention used for the motor of this invention is 
shown. 

[ Drawing 4] It is the side elevation showing only Rota shown in drawing 1 , and a stator. 
[Drawing 5] It is drawing seen in the direction of the arrow head V of drawing 6 , and the upper 
front face of Rota by the 2nd example of this invention used for the motor of this invention is 
shown. 

[Drawing 6] It is the side elevation of Rota of drawing 5 seen in the direction of the arrow head 
VI of drawing 5 . 

[Drawing 7] Are the partial diagrammatic view of the cross section of drawing 1 and the stator of 
4, a continuous line shows the position of rest when a stator being excited according to the 1st 
variation of vibrational motion according to this invention, and vibrating, and the broken line 
shows the both-ends deformation location. 

[Drawing 8] It is the graph of the curve which showed the variation of the amplitude of 
deformation of the stator in the angular position with a stator as a function of the radius of a 
stator. 

[Drawing 9] It is the graph of the curve which showed the variation of the amplitude of 
deformation of the stator in the angular position with a stator as a function of the radius of a 
stator. 

[Drawing 10] Although it is the same fragmentary sectional view as drawing 7 , the 2nd variation 
of the vibrational motion by this invention is shown. 

[Drawing 1 1] Although it is drawing 8 and the same drawing as 9, the graph of the variation of 
the amplitude of a stator in case a stator vibrates according to the variation of the oscillation 
mode of drawing 10 is shown, respectively. 

[Drawing 1 2] Although it is drawing 8 and the same drawing as 9, the graph of the variation of 
the amplitude of a stator in case a stator vibrates according to the variation of the oscillation 
mode of drawing 10 is shown, respectively. 
[Description of Notations] 
2 Base Material 
8 Stator 

10 Piezo-electric Means 
30 Rota 

36 Means of Communication 

40 Fixed Means 

X1 Axis of rotation 

Pdm Displacement flat surface <BR> 
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